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'DWD UHTXLUHPHQWV IRU FURS PRGHOOLQJ ± DSSO\LQJ WKH OHDUQLQJ FXUYH  
DSSURDFK WR WKHVLPXODWLRQRIZLQWHUZKHDW IORZHULQJ WLPHXQGHUFOLPDWH  
FKDQJH  
0RQWHVLQR6DQ 0DUWLQ 0D :DOODFK 'E 2OHVHQ -(F &KDOOLQRU $-G +RIIPDQ 03H  
.RHKOHU$.G5|WWHU53HI3RUWHU-5DJ  
D'HSDUWPHQWRI3ODQWDQG(QYLURQPHQWDO6FLHQFH8QLYHUVLW\RI&RSHQKDJHQ+¡MEDNNHJnUG$OOp  
7DDVWUXS'HQPDUN  
E1DWLRQDO,QVWLWXWHIRU$JULFXOWXUDO5HVHDUFK,15$805$*,57RXORXVH)UDQFH  
F'HSDUWPHQWRI$JURHFRORJ\$DUKXV8QLYHUVLW\%OLFKHUV$OOp7MHOH'HQPDUN  
G,QVWLWXWHIRU&OLPDWHDQG$WPRVSKHULF6FLHQFH6FKRRORI(DUWKDQG(QYLURQPHQW8QLYHUVLW\RI/HHGV  
/HHGV/6-78.  
H8QLYHUVLW\RI*|WWLQJHQ7URSLFDO3ODQW3URGXFWLRQDQG$JULFXOWXUDO6\VWHPV0RGHOOLQJ7523$*6  
*ULVHEDFKVWUDH*|WWLQJHQ*HUPDQ\  
I 8QLYHUVLW\ RI *|WWLQJHQ &HQWUH IRU %LRGLYHUVLW\ DQG 6XVWDLQDEOH /DQG 8VH %VJHQZHJ    
*|WWLQJHQ*HUPDQ\  
J 6\VWHP 0RQWSHOOLHU 6XS$JUR ,15$ &,+($0,$00 &,5$' 8QLY 0RQWSHOOLHU   
0RQWSHOOLHU)UDQFH  
  
+LJKOLJKWV  
x /HDUQLQJFXUYHVDUHXVHIXOWRGLDJQRVHGDWDPRGHOLQWHUDFWLRQV  
x 3KHQRORJ\ PRGHO SUHGLFWLRQV LPSURYH DV\PSWRWLFDOO\ ZLWK VL]H RI WKH FDOLEUDWLRQ  
GDWDVHW  
x 0RUH WKDQ  REVHUYDWLRQV RI DQWKHVLV GLG QRW LPSURYH PRGHO SHUIRUPDQFH RI  
SKHQRORJ\PRGHOVIRU¶V5&3  
x 0RUH DEXQGDQW EXW OHVV DFFXUDWH PHDVXUHPHQWV FDQ OHDG WR VLPLODU SUHGLFWLRQ  
SHUIRUPDQFH   
 ?

'DWD UHTXLUHPHQWV IRU FURS PRGHOOLQJ ± DSSO\LQJ WKH OHDUQLQJ FXUYH  
DSSURDFK WR WKHVLPXODWLRQRIZLQWHUZKHDW IORZHULQJ WLPHXQGHUFOLPDWH  
FKDQJH  
0RQWHVLQR6DQ 0DUWLQ 0D :DOODFK 'E 2OHVHQ -(F &KDOOLQRU $-G +RIIPDQQ 03H  
.RHKOHU$.G5|WWHU53HI3RUWHU-5DJ  
D'HSDUWPHQWRI3ODQWDQG(QYLURQPHQWDO6FLHQFH8QLYHUVLW\RI&RSHQKDJHQ+¡MEDNNHJnUG$OOp  
7DDVWUXS'HQPDUN  
E1DWLRQDO,QVWLWXWHIRU$JULFXOWXUDO5HVHDUFK,15$805$*,57RXORXVH)UDQFH  
F'HSDUWPHQWRI$JURHFRORJ\$DUKXV8QLYHUVLW\%OLFKHUV$OOp7MHOH'HQPDUN  
G,QVWLWXWHIRU&OLPDWHDQG$WPRVSKHULF6FLHQFH6FKRRORI(DUWKDQG(QYLURQPHQW8QLYHUVLW\RI/HHGV  
/HHGV/6-78.  
H8QLYHUVLW\RI*|WWLQJHQ7URSLFDO3ODQW3URGXFWLRQDQG$JULFXOWXUDO6\VWHPV0RGHOOLQJ7523$*6  
*ULVHEDFKVWUDH*|WWLQJHQ*HUPDQ\  
I 8QLYHUVLW\ RI *|WWLQJHQ &HQWUH IRU %LRGLYHUVLW\ DQG 6XVWDLQDEOH /DQG 8VH %VJHQZHJ    
*|WWLQJHQ*HUPDQ\  
J 6\VWHP 0RQWSHOOLHU 6XS$JUR ,15$ &,+($0,$00 &,5$' 8QLY 0RQWSHOOLHU   
0RQWSHOOLHU)UDQFH  
$EVWUDFW  
$ SUHUHTXLVLWH IRU DSSOLFDWLRQ RI FURS PRGHOV LV D FDUHIXO SDUDPHWHUL]DWLRQ EDVHG RQ  
REVHUYDWLRQDOGDWD+RZHYHUWKHUHDUHOLPLWHGVWXGLHVLQYHVWLJDWLQJWKHOLQNEHWZHHQTXDOLW\  
DQGTXDQWLW\RIREVHUYHGGDWDDQGLWVVXLWDELOLW\IRUPRGHOSDUDPHWHUL]DWLRQ+HUHZHH[SORUH  
WKH LQWHUDFWLRQV EHWZHHQ QXPEHU RI PHDVXUHPHQWV QRLVH DQG PRGHO SUHGLFWLYH VNLOOV WR  
VLPXODWHWKHLPSDFWRI¶VFOLPDWHFKDQJH5&3RQZLQWHUZKHDWIORZHULQJWLPH7KH  
OHDUQLQJFXUYHRIWZRZLQWHUZKHDWSKHQRORJ\PRGHOVLVDQDO\VHGXQGHUGLIIHUHQWDVVXPSWLRQV  
DERXWWKHVL]HRIWKHFDOLEUDWLRQGDWDVHWWKHPHDVXUHPHQWHUURUDQGWKHDFFXUDF\RIWKHPRGHO  
VWUXFWXUH2XUDVVHVVPHQWFRQILUPVWKDWSUHGLFWLRQVNLOOVLPSURYHDV\PSWRWLFDOO\ZLWKWKHVL]H  
RIWKHFDOLEUDWLRQGDWDVHWDVZLWKVWDWLVWLFDOPRGHOV5HVXOWVVXJJHVWWKDWOHVVSUHFLVHEXWODUJHU  
WUDLQLQJ GDWDVHWV FDQ LPSURYH WKH SUHGLFWLYH DELOLWLHV RI PRGHOV +RZHYHU WKH QRQOLQHDU  
UHODWLRQVKLSEHWZHHQQXPEHURIPHDVXUHPHQWVPHDVXUHPHQWHUURUDQGSUHGLFWLRQVNLOOVOLPLW  
WKHFRPSHQVDWLRQEHWZHHQGDWDTXDOLW\DQGTXDQWLW\:HILQGWKDWWKHPRGHOSHUIRUPDQFHGRHV  
QRWLPSURYHVLJQLILFDQWO\ZLWKDWKHRUHWLFDOPLQLPXPVL]HRIREVHUYDWLRQVZKHQWKHPRGHO  
VWUXFWXUH LV DSSUR[LPDWH :KLOH VLPXODWLRQ RI FURS SKHQRORJ\ LV FULWLFDO WR FURS PRGHO  
VLPXODWLRQPRUHVWXGLHVDUHQHHGHGWRH[SORUHGDWDQHHGVIRUDVVHVVLQJHQWLUHFURSPRGHOV  
.H\ZRUGV/HDUQLQJFXUYH$QWKHVLV7ULWLFXPDHVWLYXP'DWDVHW&OLPDWH&KDQJH  
 ?

'DWD UHTXLUHPHQWV IRU FURS PRGHOOLQJ ± DSSO\LQJ WKH OHDUQLQJ FXUYH  
DSSURDFK WR WKHVLPXODWLRQRIZLQWHUZKHDW IORZHULQJ WLPHXQGHUFOLPDWH  
FKDQJH  
0RQWHVLQR6DQ 0DUWLQ 0D :DOODFK 'E 2OHVHQ -(F &KDOOLQRU $-G +RIIPDQQ 03H  
.RHKOHU$.G5|WWHU53HI3RUWHU-5DJ  
D'HSDUWPHQWRI3ODQWDQG(QYLURQPHQWDO6FLHQFH8QLYHUVLW\RI&RSHQKDJHQ+¡MEDNNHJnUG$OOp  
7DDVWUXS'HQPDUN  
E1DWLRQDO,QVWLWXWHIRU$JULFXOWXUDO5HVHDUFK,15$805$*,57RXORXVH)UDQFH  
F'HSDUWPHQWRI$JURHFRORJ\$DUKXV8QLYHUVLW\%OLFKHUV$OOp7MHOH'HQPDUN  
G,QVWLWXWHIRU&OLPDWHDQG$WPRVSKHULF6FLHQFH6FKRRORI(DUWKDQG(QYLURQPHQW8QLYHUVLW\RI/HHGV  
/HHGV/6-78.  
H8QLYHUVLW\ RI *|WWLQJHQ &HQWUH IRU %LRGLYHUVLW\ DQG 6XVWDLQDEOH /DQG 8VH %VJHQZHJ    
*|WWLQJHQ*HUPDQ\  
I8QLYHUVLW\RI*|WWLQJHQ7URSLFDO3ODQW3URGXFWLRQDQG$JULFXOWXUDO6\VWHPV0RGHOOLQJ7523$*6  
*ULVHEDFKVWUDH*|WWLQJHQ*HUPDQ\  
J 6\VWHP 0RQWSHOOLHU 6XS$JUR ,15$ &,+($0,$00 &,5$' 8QLY 0RQWSHOOLHU   
0RQWSHOOLHU)UDQFH  
  
,QWURGXFWLRQ  
0RGHOVDUHLQFUHDVLQJO\XVHGLQLPSDFWDVVHVVPHQWVRIFOLPDWHFKDQJHRQFURSSURGXFWLRQDQG  
IRRG VHFXULW\ 5XDQH HW DO  0RGHOV LQWHQGHG IRU WKHVH DSSOLFDWLRQV UHTXLUH VXLWDEOH  
GDWDVHWV WR PLQLPL]H WKH HUURU LQ WKH SURMHFWLRQV :DOODFK  7KH FURS PRGHOOLQJ  
FRPPXQLW\KDV UHSHDWHGO\ DGGUHVVHG DQG LPSURYHG WKHGHILQLWLRQRI VXLWDEOHGDWDVHWV 1L[  
%RRWHHWDO+XQWHWDO:KLWHHWDO7KHODWHVWHIIRUWVKDYHEHHQ  
PDGHLQWKHFRQWH[WRI$J0,35RVHQ]ZHLJHWDODQG0$&6855|WWHUHWDO  
SURMHFWV%RRWHHWDOGHYHORSHGDJHQHULFTXDOLWDWLYHPHWKRGWKDWUDQNVGDWDVHWVEDVHG  
RQWKHSUHVHQFHRUDEVHQFHRILQSXWDQGVWDWHYDULDEOHV.HUVHEDXPHWDOGHVLJQHGD  
QXPHULFDO FODVVLILFDWLRQ DSSURDFK ZKHUH UXOHV EDVHG RQ H[SHUW RSLQLRQ SURYLGH VFRUHV IRU  
VHYHUDOGHVLUDEOHIHDWXUHV7KHWRWDOTXDOLW\VFRUHRIDGDWDVHWLVWKHVXPPDWLRQRIVFRUHVIURP  
HDFKIHDWXUH)XUWKHUFRQWULEXWLRQVWRWKHGHILQLWLRQRIVXLWDEOHGDWDVHWVJRWKURXJKUHSODFLQJ  
H[SHUW RSLQLRQ E\ HPSLULFDOO\ EDVHG UXOHV +HQFH IXUWKHU UHVHDUFK LV QHHGHG DVVHVVLQJ WKH  
LPSDFWVRIGDWDVHWIHDWXUHVRQVLPXODWLRQVDQGPRGHOSHUIRUPDQFH&RQIDORQLHULHWDO  
ZRUNHGLQWKLVGLUHFWLRQE\LQWURGXFLQJDPHWKRGIRUDVVHVVLQJFKDQJHVLQPRGHOSHUIRUPDQFH  
GHSHQGLQJRQPHDVXUHPHQWHUURUV+HHWDOTXDQWLILHGWKHUHSHUFXVVLRQVRIWKHQXPEHU  
RIVHDVRQVDQGVWDWHYDULDEOHVRQWKHLUHIIHFWLYHQHVVWRFDOLEUDWHDFURSPRGHO7KHUHVXOWVRI  
WKHVH VWXGLHV DUH NH\ WR HOXFLGDWH WKH LQWHUDFWLRQV EHWZHHQ GDWD DQG FURS PRGHO EXW WKHLU  
FRPSDULVRQZLWKWKHUXOHVLQ.HUVHEDXPHWDOLVQRWVWUDLJKWIRUZDUG,QRUGHUWRIDYRXU  
 ?

WKLV FRPSDULVRQ IHDWXUHV RI GDWDVHWV VKRXOG EH FKDQJHG DQG DVVHVVHG LQ D SURJUHVVLYH DQG  
FRPSUHKHQVLYHPDQQHU  
7KHQXPEHURIREVHUYDWLRQVDQGWKHPHDVXUHPHQWHUURUDVDSUR[\IRUQXPEHURIUHSOLFDWHV ?
DUHWZRHVVHQWLDOIHDWXUHVRIGDWDVHWVLQWKHVFRULQJV\VWHPE\.HUVHEDXPHWDO7KLVLV ?
GXHWRWKHLUFULWLFDOUROHLQHVWLPDWLQJPRGHOSDUDPHWHUVDQGWKHLUXQFHUWDLQW\:DOODFKHWDO ?
 &RQIDORQLHUL HW DO  DQG WKH UHOHYDQFH RI SDUDPHWHU XQFHUWDLQW\ LQ LPSDFW ?
DVVHVVPHQWVRIFOLPDWHFKDQJH:DOODFKHWDO:DOODFKHWDO/DUJHDQGDFFXUDWH ?
GDWDVHWVFRXOGUHGXFHSDUDPHWHUXQFHUWDLQW\EXWWKHFURSPRGHOOLQJFRPPXQLW\KDVVXIIHUHG ?
IURPFKURQLFGDWDVFDUFLW\H[DFHUEDWHGE\HQVHPEOHPRGHOOLQJ5|WWHUHWDO-RQHVHWDO ?
7KHPDWXUDWLRQRIQHZLQIRUPDWLRQWHFKQRORJLHVQDPHO\PRELOHWHFKQRORJ\DQGUHPRWH ?
VHQVLQJDQGWKHLPSOHPHQWDWLRQRIQHZLQLWLDWLYHVVXFKDVFURZGVRXUFLQJFRXOGKHOSVROYLQJ ?
WKLVVLWXDWLRQ-DQVVHQHWDODWWKHFRVWRIDFFXUDF\$QDVVHVVPHQWRIVXLWDEOHGDWDVHWV ?
IRUFURSPRGHOOLQJLQWHUPVRIQXPEHURIREVHUYDWLRQVDQGPHDVXUHPHQWHUURUPD\EULQJOLJKW ?
WRWKHSRWHQWLDOEHQHILWVRIWKHVHWHFKQRORJLHVWRLPSURYHFURSLPSDFWSURMHFWLRQSHUIRUPDQFH ?
7KH OHDUQLQJ FXUYH DSSURDFK HYDOXDWHV LQ DSURJUHVVLYHPDQQHU WKH LPSDFW RI WKH VL]H DQG ?
PHDVXUHPHQWHUURURIWKHFDOLEUDWLRQGDWDVHWRQPRGHOSHUIRUPDQFH/HDUQLQJFXUYHVDUHJUDSKV ?
GLVSOD\LQJWKHHYROXWLRQRIVLPXODWLRQHUURUVZLWKWKHVL]HRIWKHWUDLQLQJGDWDVHW3HUOLFKHWDO ?
3HUOLFK(UURUVXVXDOO\HYROYHDV\PSWRWLFDOO\ZLWKWKHVL]HRIWKHWUDLQLQJGDWDVHW ?
LQFUHDVLQJIRUWKHWUDLQLQJGDWDVHWDQGGHFUHDVLQJIRUWKHWHVWLQJGDWDVHW7KHVKDSHRIWKHFXUYHV ?
FDQUHYHDOIRULQVWDQFHZKHQWKHPRGHOLVFRQVLGHUHGWRKDYHDVXIILFLHQWO\ODUJHFDOLEUDWLRQ ?
GDWDVHW7KHVL]HLVFRQVLGHUHGODUJHHQRXJKZKHQJUHDWHUREVHUYDWLRQVSURGXFHVPDOOFKDQJHV ?
LQWKHVLPXODWLRQVNLOOV+RZHYHUGHILQLQJZKHQWKHFKDQJHVDUHVPDOOHQRXJKGHSHQGVRQWKH ?
PRGHO DSSOLFDWLRQ 7KH OHDUQLQJ FXUYH DSSURDFK KDV EHHQ XVHG LQ WKH SDVW ZLWK VWDWLVWLFDO ?
PRGHOVLQWKHILHOGRIPDFKLQHOHDUQLQJHJ3HUOLFKRU)LJXHURDHWDO7RRXU ?
NQRZOHGJHWKHPHWKRGKDVQRWEHHQDSSOLHG\HWIRUWKHDVVHVVPHQWRIGDWDVHWIHDWXUHVLQFURS ?
PRGHOOLQJ ?
'UDZLQJWKHOHDUQLQJFXUYHVUHTXLUHVFDOLEUDWLQJDQGHYDOXDWLQJWKHPRGHOUHSHDWHGO\FKDQJLQJ ?
WKHVL]HRIWKHFDOLEUDWLRQGDWDVHW7KLVPDNHVWKHSURFHVVFRPSXWDWLRQDOO\GHPDQGLQJDQGGDWD ?
LQWHQVLYH3KHQRORJ\FRPELQHVLWVUHOHYDQFHIRU\LHOG&UDXIXUGDQG:KHHOHUZLWKLWV ?
VLPSOH PDWKHPDWLFDO IRUPXODWLRQ DQG IDVW H[HFXWLRQ HJ &HJODU HW DO  :LWKLQ WKH ?
SKHQRORJ\SKDVHVIORZHULQJLVSDUWLFXODUO\FULWLFDOLWLVDYHU\VHQVLWLYHSKDVHWRWHPSHUDWXUH ?
H[WUHPHV8JDUWHHWDODQGLWGHILQHVWKHEDODQFHEHWZHHQVRXUFHVLQNRUJDQV7KHUHIRUH ?
 ?

WKHVLPXODWLRQRIIORZHULQJWLPHUHSUHVHQWVDSUDFWLFDOVWDUWLQJSRLQWWRLQWURGXFHWKHOHDUQLQJ ?
FXUYHDSSURDFK LQWR FURSPRGHOOLQJ3KHQRORJ\ PRGHOOLQJRIIHUV VHYHUDOZRUNLQJVROXWLRQV ?
ZLWKGLIIHUHQWPDWKHPDWLFDOIRUPXODWLRQV&HJODUHWDO$OGHUPDQDQG6WDQILOO ?
/HDUQLQJFXUYHVDUHOLNHO\LQIOXHQFHGE\PRGHOVWUXFWXUHVVLQFHSUHGLFWLRQVNLOOVRIGLIIHUHQW ?
PRGHOOLQJ K\SRWKHVHV YDU\ GXH WR VSHFLILF HUURU FRPSHQVDWLRQV IRUJHG GXULQJ FDOLEUDWLRQ ?
:DOODFK HW DO  +HQFH UREXVW FRQFOXVLRQV DERXW GDWDPRGHO LQWHUDFWLRQV ZLWK WKH ?
OHDUQLQJFXUYHVUHTXLUHWKHDVVHVVPHQWRIPXOWLSOHVWUXFWXUHV ?
2XUVWXG\DLPVWRDQDO\VHWKHLQIOXHQFHRIGDWDVHWVRQPRGHOVLPXODWLRQSHUIRUPDQFH0RUH ?
VSHFLILFDOO\ZHVHHNWRHOXFLGDWHWKHLPSDFWRIQXPEHUDQGPHDVXUHPHQWHUURURIFURSVWDWH ?
YDULDEOHV RQ WKH SUHGLFWLRQ VNLOOV RI D SKHQRORJ\ PRGHO LQWHQGHG IRU FOLPDWH FKDQJH ?
DSSOLFDWLRQV:HDSSO\WKHOHDUQLQJFXUYHDSSURDFKZKLFKDOORZVWKHSURJUHVVLYHDVVHVVPHQW ?
RI SURSHUWLHV RI GDWDVHWV DQG EULQJV WKH RSSRUWXQLW\ WR FRPSDUH WKH HYROXWLRQ RI PRGHO ?
SHUIRUPDQFHZLWKWKHVFRULQJUXOHVVSHFLILHGLQWKHGDWDFODVVLILFDWLRQV\VWHP$GGLWLRQDOO\ZH ?
LQVSHFW SRVVLEOH FRPSHQVDWLRQV EHWZHHQ VL]H DQG PHDVXUHPHQW HUURU WKDQNV WR WKHLU MRLQW ?
DQDO\VLV ?
0HWKRGV ?
7KHJHQHUDWLRQRIOHDUQLQJFXUYHVLVDWZRVWHSSURFHVVUHSHDWHGPXOWLSOHWLPHV7KHILUVWVWHS ?
LVWKHFDOLEUDWLRQDQGHYDOXDWLRQRIWKHPRGHOVDJDLQVWWKHWUDLQLQJRUFDOLEUDWLRQGDWDVHW7KH ?
VHFRQG VWHS LV WKH HYDOXDWLRQ RI WKH SUHGLFWLYH VNLOOV RI WKH PRGHO DJDLQVW WKH WHVWLQJ RU ?
HYDOXDWLRQ GDWDVHW 7KH WUDLQLQJ GDWDVHW YDULHV LQ QXPEHU RI REVHUYDWLRQV TXDQWLW\ RI ?
REVHUYDWLRQVDQGOHYHOVRIPHDVXUHPHQWHUURUTXDOLW\RIREVHUYDWLRQV/RQJVHULHVRIUHFRUGV ?
JUHDWHUWKDQVHDVRQVRIIORZHULQJGDWHVUHTXLUHGWRFRQVWUXFWWKHOHDUQLQJFXUYHVDUHVFDUFH ?
+HQFHGDWDLVUHSODFHGE\WKHVLPXODWLRQVRID³SHUIHFWPRGHO´ZLWKVWUXFWXUHDQGSDUDPHWHU ?
YDOXHV FRQVLGHUHG WR EH WUXH 7KH VLPXODWLRQV IURP VXFK SHUIHFW PRGHOV DUH PDVNHG ZLWK ?
GLIIHUHQWOHYHOVRIQRLVH7KLVSHUIHFWPRGHODSSURDFKJLYHVXVIXOOFRQWURORYHUWKHQXPEHURI ?
VHDVRQV DQG HUURUV LQWURGXFHG LQ WKH GDWDVHWV ,Q DGGLWLRQ LW DOORZV WKH HYDOXDWLRQ RI WKH ?
VLPXODWLRQPRGHOSUHGLFWLYHVNLOOVDJDLQVWWKHSHUIHFWPRGHOXQGHUFOLPDWHFKDQJH ?
7ZRSKHQRORJ\PRGHOVIRUVLPXODWLQJDQWKHVLVGDWHVRIZLQWHUZKHDWXQGHUFOLPDWHFKDQJHDUH ?
FRQVLGHUHGWKH%URNHQ6WLFNV%6DQG&RQWLQXRXV&XUYLOLQHDU&&:DQJDQG(QJHO ?
PRGHOV7KH%6LVDZLGHVSUHDGSUDFWLFDOPRGHOWRVLPXODWHSKHQRORJ\ZKHUHDVWKH&&PRGHO ?
LV FRQVLGHUHG D PRUH UHDOLVWLF YHUVLRQ IURP D ELRORJLFDO SHUVSHFWLYH 6WUHFN HW DO  ?
&RQVHTXHQWO\ZHDVVXPHWKDWWKH&&PRGHOLVWKH³SHUIHFWPRGHO´DQGWKH%6DQGWKH&& ?
 ?

PRGHOVDUHXVHGDVVLPXODWLRQPRGHOV7KXVWZRVLWXDWLRQVFRQFHUQLQJPRGHOVWUXFWXUHVDUH ?
DVVHVVHG6WKHVWUXFWXUHRIWKHVLPXODWLRQPRGHOLVDQH[DFWUHSUHVHQWDWLRQRIUHDOLW\WKH ?
VLPXODWLRQPRGHODQGWKH³SHUIHFWPRGHO´DUHWKHVDPHERWKUHSUHVHQWHGE\WKH&&PRGHO ?
DQG6WKHVWUXFWXUHRIWKHVLPXODWLRQPRGHODSSUR[LPDWHVWKHUHDOLW\WKH%6DQGWKH&& ?
PRGHOFRUUHVSRQGWRWKHVLPXODWLRQPRGHODQGWKH³SHUIHFWPRGHO´UHVSHFWLYHO\7KHUHVXOWV ?
DUHXVHGWRDQDO\VHWKHVKDSHRIWKHOHDUQLQJFXUYHVDQGXQGHUVWDQGWKHUHODWLRQVKLSVEHWZHHQ ?
PHDVXUHPHQWVHUURUVDQGPRGHOVWUXFWXUHV ?
3KHQRORJ\PRGHOV ?
7KHIXQGDPHQWDOGLIIHUHQFHEHWZHHQWKH%6DQGWKH&&PRGHOLVWKHVPRRWKHUUHDFWLRQRIFURS ?
GHYHORSPHQWWRFKDQJHVLQWHPSHUDWXUHDQGSKRWRSHULRGZLWKWKHODWWHUPRGHO)LJEF,Q ?
DGGLWLRQRXU&&PRGHOXVHVWKHYHUQDOL]DWLRQUHVSRQVHSURSRVHGE\6WUHFNHWDO+HUH ?
YHUQDOL]DWLRQIROORZVDVLJPRLGDOFXUYHLQVWHDGRIWKHOLQHDUUHVSRQVHLQWKH%6PRGHO)LJ ?
D:DWHURUQLWURJHQOLPLWDWLRQVDUHQRWLQFOXGHGDVVXPLQJPRGHOVDUHDSSOLHGXQGHURSWLPDO ?
FRQGLWLRQV ?
)LJ ?
9HUQDOL]DWLRQUHVSRQVH ?
7KHYHUQDOL]DWLRQUHVSRQVH ௩݂ି஻ௌ LQ WKH%6PRGHO LVUHSUHVHQWHGIURP]HURWRRQHIRUXQ ?
YHUQDOL]HGDQGIXOO\YHUQDOL]HGZKHDWUHVSHFWLYHO\7KHSDUDPHWHUVLQWKLVPRGHO(TDUH ?
WKHEDVHYHUQDOL]DWLRQ ௕ܸ௔௦௘DQGWKHYHUQDOL]DWLRQVDWXUDWLRQ ௦ܸ௔௧%DVHYHUQDOL]DWLRQLVWKH ?
PLQLPXP YHUQDOL]DWLRQ UHTXLUHG WR VWDUW WKH DFFXPXODWLRQ RI YHUQDO GHJUHH GD\V 9'' ?
9HUQDOL]DWLRQVDWXUDWLRQLVWKHWRWDODFFXPXODWLRQRI9''DWZKLFKWKHFURSLVFRQVLGHUHGIXOO\ ?
YHUQDOLVHG ?
௩݂ି஻ௌ ൌ ݉݅݊ ቈ ?ǡ ݉ܽݔ ቂ ?ǡሺ௏஽஽ି௏್ೌೞ೐ሻሺ௏ೞೌ೟ି௏್ೌೞ೐ሻቃ቉      (T ?
,QRXUYHUVLRQRIWKH&&PRGHOWKHYHUQDOL]DWLRQUHVSRQVH ௩݂ି஼஼IROORZVWKHGHVFULSWLRQLQ ?
6WUHFN HW DO  (T  9HUQDOL]DWLRQ LV DFFXPXODWHG EDVHG RQ D VVKDSHG FXUYH 7KH ?
SDUDPHWHU RI WKLV PRGHO LV WKH LQIOHFWLRQ IRU YHUQDOL]DWLRQ  ଴ܸǤହ WKDW GHILQHV WKH 9'' ?
DFFXPXODWHGZKHQWKHFURSLVKDOIZD\YHUQDOL]HG ?
௩݂ି஼஼ ൌ ሺ௏஽஽ሻఱሺ௏బǤఱሻఱାሺ௏஽஽ሻఱ        (T ?
 ?

7KH%6DQG&&PRGHOVDUHDQDORJRXVZKHQWKH ௦ܸ௔௧LQWKH%6PRGHOKDVWZLFHWKHYDOXH ?
RI ଴ܸǤହLQWKH&&PRGHODQG ௕ܸ௔௦௘LQWKH%6PRGHOLVFRQVLGHUHG]HUR7KHDFFXPXODWLRQRI ?
YHUQDOGHJUHHGD\V9''LVFRPSXWHGE\VXPPLQJGDLO\UDWHVRIYHUQDOL]DWLRQ7KHGDLO\UDWHV ?
DUHFDOFXODWHGXVLQJWKH(TIRUWKH%6PRGHODQG(TIRUWKH&&PRGHOVHHVHFWLRQ ?
,QWKHVHHTXDWLRQVWKHFDUGLQDOWHPSHUDWXUHVLH ௕ܶ௔௦௘ ௢ܶ௣௧DQG ௠ܶ௔௫HTXDO ?
DQG&IRUWKH%6PRGHO:HLUHWDO ?
3KRWRSHULRGUHVSRQVH ?
,QWKH%6PRGHOWKHSKRWRSHULRGUHVSRQVH ௣݂ି஻ௌUDQJHVIURPWRZKHQWKHGD\OLJKWKRXUV ?
݄݀DUHKLJKHUWKDQWKHPLQLPXPWKUHVKROGDQGORZHUWKDQWKHPD[LPXPWKUHVKROG(T ?
7KHVHPLQLPXPDQGPD[LPXPWKUHVKROGVDUHQDPHGEDVHSKRWRSHULRG ௕ܲ௔௦௘DQGRSWLPXP ?
SKRWRSHULRG ௢ܲ௣௧UHVSHFWLYHO\ ?
௣݂ି஻ௌ ൌ ݉݅݊ ቈ ?ǡ ݉ܽݔ ൤ ?ǡሺௗ௛ି௉್ೌೞ೐ሻ൫௉೚೛೟ି௉್ೌೞ೐൯൨቉      (T ?
,QWKH&&PRGHO WKHUHVSRQVH ௣݂ି஼஼DOVRYDULHVEHWZHHQDQG(TEXW LWVVKDSHLV ?
QHJDWLYHO\H[SRQHQWLDO)LJ%7KHPRGHOSDUDPHWHUVDUHWKHEDVHSKRWRSHULRG ௕ܲ௔௦௘DQG ?
WKH VHQVLWLYLW\ WR FKDQJHV LQ SKRWRSHULRG ߱ &KDQJHV RI ௕ܲ௔௦௘ LQ WKH %6 PRGHO LQYROYH ?
PRGLILFDWLRQV LQ WKH VHQVLWLYLW\ WR SKRWRSHULRG ,Q WKH && PRGHO WKH VHQVLWLYLW\ ߱ LV ?
LQGHSHQGHQWIURP ௕ܲ௔௦௘7RUHVHPEOHWKHUHDFWLRQLQERWKPRGHOVDQHPSLULFDOUHODWLRQVKLS ?
ZDVHVWDEOLVKHGEHWZHHQ߱DQG ௕ܲ௔௦௘DQG ௢ܲ௣௧LQWKH&&PRGHO(T ?
௣݂ ൌ  ? െ ሾ݁ିఠሺௗ௛ି௉್ೌೞ೐ሻሿ        (T ? ߱ ൌ  ?Ǥ ? ? െ  ?Ǥ ? ?  ?  ? ?ିଶ ௕ܲ௔௦௘ െ  ?Ǥ ? ?  ?  ? ?ିଵ ௢ܲ௣௧ ൅  ?Ǥ ? ?  ?  ? ?ିଷ ௕ܲ௔௦௘ଶ ൅  ?Ǥ ? ?  ?  ? ?ିଷ ௢ܲ௣௧ଶ ?
 (T ?
:LWK(TWKH%6DQG&&PRGHODUHGHILQHGE\ ௕ܲ௔௦௘DQG ௢ܲ௣௧ ?
7HPSHUDWXUHUHVSRQVH ?
7KHUHVSRQVHRIWKHFURSGHYHORSPHQW ௧݂ି஻ௌWRWKHGDLO\DLUWHPSHUDWXUH ௔ܶLQWKH%6PRGHO ?
LVFRQVLGHUHGSURSRUWLRQDOZKHQDLUWHPSHUDWXUHVDUHEHWZHHQWKHEDVH ௕ܶ௔௦௘DQGRSWLPXP ?
 ௢ܶ௣௧FDUGLQDOWHPSHUDWXUHV(T,IWKHWHPSHUDWXUHLVDERYHWKHRSWLPXPEXWEHORZLWV ?
FULWLFDO WHPSHUDWXUH  ௠ܶ௔௫ WKH UDWH RI GHYHORSPHQW UHDFWV LQYHUVHO\ SURSRUWLRQDO WR WKH ?
 ?

GLIIHUHQFHEHWZHHQWKHDLUWHPSHUDWXUHDQGLWVRSWLPXP(T,IWKHDLUWHPSHUDWXUHLVEHORZ ?
LWVEDVHWHPSHUDWXUHRUDERYHLWVFULWLFDOWHPSHUDWXUHWKHGDLO\UDWHRIGHYHORSPHQWLV]HUR(T ?
 ? ݂݅ ௕ܶ௔௦௘ ൏ ௔ܶ ൏ ௢ܶ௣௧ݐ݄݁݊ ௧݂ି஻ௌ ൌ ሺ ௔ܶ െ ௕ܶ௔௦௘ሻ     (T ? ݂݅ ௢ܶ௣௧ ൏ ௔ܶ ൏ ௠ܶ௔௫ݐ݄݁݊ ௧݂ି஻ௌ ൌ ൫ ௢ܶ௣௧ െ ௕ܶ௔௦௘൯ሺ ௠ܶ௔௫ െ ௔ܶሻȀ൫ ௠ܶ௔௫ െ ௢ܶ௣௧൯ (T ? ݂݅ ௕ܶ௔௦௘ ൐ ௔ܶ݋ݎ ௔ܶ ൐ ௢ܶ௣௧ݐ݄݁݊ ௧݂ି஻ௌ ൌ  ?      (T ?
,QWKH&&PRGHO WKHUHVSRQVHRIWKHFURSGHYHORSPHQW ௧݂ି஼஼ WR WKHGDLO\DLU WHPSHUDWXUH ?
RVFLOODWHV EHWZHHQ  DQG  7KHGDLO\ UDWH RIGHYHORSPHQW LV GHVFULEHG E\ D FXUYH (T  ?
EHWZHHQDPLQLPXPDQGPD[LPXPWHPSHUDWXUHV ௕ܶ௔௦௘DQG ௠ܶ௔௫UHVSHFWLYHO\7KHWHUPߙ ?
DOORZVWRSHDNWKHGDLO\UDWHRIGHYHORSPHQWDW ௢ܶ௣௧(T7KHGDLO\UDWHRIGHYHORSPHQWLV ?
]HURLIWKHDLUWHPSHUDWXUHGRHVQRWUHDFK ௕ܶ௔௦௘RUH[FHHGV ௠ܶ௔௫(T ? ݂݅ ௕ܶ௔௦௘ ൏ ௔ܶ ൏ ௠ܶ௔௫ݐ݄݁݊ ௧݂ି஼஼ ൌ ଶሺ்ೌ ି்್ೌೞ೐ሻഀ൫ ೚்೛೟ି்್ೌೞ೐൯ഀିሺ்ೌ ି்್ೌೞ೐ሻమഀ൫ ೚்೛೟ି்್ೌೞ೐൯మഀ  (T ? ߙ ൌ ௟௡ଶ௟௡ቈ൫೅೘ೌೣష೅್ೌೞ೐൯ቀ೅೚೛೟ష೅್ೌೞ೐ቁ ቉         (T ? ݂݅ ௕ܶ௔௦௘ ൐ ௔ܶ݋ݎ ௔ܶ ൐ ௠ܶ௔௫ݐ݄݁݊ ௧݂ି஼஼ ൌ  ?     (T ?
௕ܶ௔௦௘ ௢ܶ௣௧DQG ௠ܶ௔௫DUHDQG&LQERWKPRGHOV:DQJDQG(QJHO ?
'HYHORSPHQWSKDVHGXUDWLRQ ?
$GHYHORSPHQWVWDJHLVUHDFKHGZKHQWKHDFFXPXODWLRQRIWKHGDLO\UDWHVHTXDOVDWKUHVKROG ?
ܶܶLQWKH%6PRGHO(TVKRZVWKHDFFXPXODWLRQRIGDLO\UDWHVEHWZHHQHPHUJHQFHDQG ?
WHUPLQDO VSLNHOHW7KHYDOXHRI WKH WKUHVKROG ܶ ாܶெ்ௌ LV HVWLPDWHG IURP ILHOGREVHUYDWLRQV ?
GXULQJFDOLEUDWLRQDQGLVH[SUHVVHGLQGHJUHHGD\V&G ? ܶ ாܶெ்ௌ ൌ  ? ௧݂ି஻஼  ? ௩݂ି஻஼  ? ௣݂ି஻஼ௗ௜ୀଵ       (T ?
,QWKH&&PRGHODGHYHORSPHQWVWDJHLVUHDFKHGZKHQWKHDFFXPXODWLRQRIGDLO\UDWHVܶܶܰ ?
HTXDOVHJ(T7KLVLVDFKLHYHGE\XVLQJDVFDOLQJSDUDPHWHUݎ௠௔௫WKDWUHSUHVHQWVWKH ?
PD[LPXPGDLO\GHYHORSPHQWUDWH7KHPD[LPXPGHYHORSPHQWUDWHKDVDQH[SRQHQWLDOIRUP ?
 ?

EDVHGRQDSDUDPHWHU݇(T(TLVDQH[DPSOHRIWKHFRPSXWDWLRQEHWZHHQHPHUJHQFH ?
DQGWHUPLQDOVSLNHOHW ? ܶܶ ாܰெ்ௌ ൌ ݎ௠௔௫ǡாெ்ௌ  ? ௧݂ି஼஼  ? ௩݂ି஼  ? ௣݂ି஼஼ௗ௜ୀଵ      (T ?
ݎ௠௔௫ ൌ ݁ି௞          (T ?
,QERWKPRGHOV WKHSHULRGIURPVRZLQJWRDQWKHVLVZDVGLYLGHGLQWRWKUHHSKDVHVIURP ?
VRZLQJWRHPHUJHQFHIURPHPHUJHQFHWRWHUPLQDOVSLNHOHWDQGIURPWHUPLQDOVSLNHOHW ?
WR DQWKHVLV 7KH ILUVW SKDVH LV UHVSRQVLYH WR WHPSHUDWXUH WKH VHFRQG WR WHPSHUDWXUH ?
YHUQDOL]DWLRQDQGSKRWRSHULRGDQGWKHODVWRQHWRWHPSHUDWXUHDQGSKRWRSHULRG:HDVVXPHWKDW ?
WKHGXUDWLRQLHܶܶ ௌܰௐாெEHWZHHQVRZLQJDQGHPHUJHQFHLVDFRQVWDQW:HDOVRFRQVLGHUHG ?
WKDWRIWKHGXUDWLRQEHWZHHQHPHUJHQFHDQGDQWKHVLVFRUUHVSRQGVWRWKHGHYHORSPHQWIURP ?
HPHUJHQFH WR WHUPLQDO VSLNHOHW ܶܶ ாܰெ்ௌ DQG  FRUUHVSRQGV WR WKH GHYHORSPHQW IURP ?
WHUPLQDOVSLNHOHWWRDQWKHVLV்ܶܶܰௌ஺ே ?
3KHQRORJ\PRGHOSDUDPHWHUV ?
.H\ SDUDPHWHUV LQ WKH %6 PRGHO UHIOHFWLQJ JHQRW\SLF GLIIHUHQFHV LQ IORZHULQJ WLPH DUH ?
YHUQDOL]DWLRQVDWXUDWLRQEDVHSKRWRSHULRGDQGWKHUPDOWLPH ௦ܸ௔௧ ௕ܲ௔௦௘DQG77UHVSHFWLYHO\ ?
%RJDUG HW DO  7KHUHIRUH ZH VHOHFWHG WKHVH SDUDPHWHUV IRU FDOLEUDWLRQ :H SLFNHG ?
DQDORJRXVSDUDPHWHUV WRFDOLEUDWHWKH&&PRGHOKDOIZD\YHUQDOL]HGEDVHSKRWRSHULRGDQG ?
PD[LPXPGDLO\UDWHRIGHYHORSPHQW93EDVHDQGNUHVSHFWLYHO\ ?
3HUIHFWPRGHOVDQGDUWLILFLDOIORZHULQJGDWHUHFRUGV ?
$³SHUIHFWPRGHO´ZLOOEHXVHGLQVXEVHTXHQWVWHSVLQVXEVWLWXWLRQRIWKHODFNLQJORQJVHULHVRI ?
UHFRUGV RI IORZHULQJ GDWHV 7KH ³SHUIHFW PRGHO´ KDV D VWUXFWXUH DQG SDUDPHWHU YDOXHV ?
FRQVLGHUHGWREHWUXH3DUDPHWHUYDOXHVIRUWKLV³SHUIHFWPRGHO´ZHUHGHULYHGIURPFDOLEUDWLRQ ?
XVLQJDFWXDOGDWD7KHVHGDWDZHUHFROOHFWHGDQGXVHGLQVLPXODWLRQVRIWKH$JULFXOWXUDO0RGHO ?
,QWHUFRPSDULVRQ3URMHFW$VVHQJHWDO7KHLQIRUPDWLRQDYDLODEOHFRYHUHGWKHDYHUDJH ?
IORZHULQJ GDWH GXULQJ  ݕത௔௖௧௨௔௟ WKH DYHUDJH VRZLQJ GDWH GDLO\ PD[LPXP DQG ?
PLQLPXPWHPSHUDWXUHVIRUWKHVDPHSHULRGODWLWXGHDQGORQJLWXGHDQGTXDOLWDWLYHGHVFULSWLRQV ?
RIWKHVHQVLWLYLWLHVWRYHUQDOL]DWLRQDQGSKRWRSHULRGRIWKHYDULHWLHVEHLQJJURZQ$VXEVHWRI ?
ORFDWLRQV 7DEOH  ZDV VHOHFWHG DPRQJ WKH PDMRU ZKHDW SURGXFLQJ UHJLRQV ZRUOGZLGH ?
DYDLODEOH7KHORFDWLRQVDUH1HWKHUODQGV$UJHQWLQD86$&KLQDZLWKFRQWLQHQWDODQGRFHDQLF ?
FOLPDWHV5XVVLD7XUNH\DQG&DQDGDVKRZLQJDZLGHGLYHUVLW\RIHQYLURQPHQWDOFRQGLWLRQV ?
 ?

7KH ³SHUIHFW PRGHO´ ZDV FDOLEUDWHG LQGHSHQGHQWO\ IRU HDFK ORFDWLRQ XVLQJ 2UGLQDU\ /HDVW ?
6TXDUHV2/67KHFDOLEUDWLRQFRQFHUQHGWKHSDUDPHWHUVUHODWHGWRYHUQDOL]DWLRQSKRWRSHULRG ?
DQG WKHUPDO UHVSRQVHV VHH VHFWLRQ  7KH 2/6 PHWKRG VHDUFKHG LWHUDWLYHO\ IRU WKRVH ?
SDUDPHWHUYDOXHVሺߠሻ WKDWPLQLPL]HWKHVTXDUHGGLVWDQFHEHWZHHQ WKHDFWXDO IORZHULQJGDWH ?
ݕത௔௖௧௨௔௟DQGWKHVLPXODWLRQሺ݂ሺߠǡ ݔ௜ሻሻIRUHYHU\VHDVRQ݅EHWZHHQDQG(T ?
7KHFDOLEUDWLRQZDVFDUULHGRXWLQ5YHUVLRQXVLQJWKHRSWLPIXQFWLRQ5&RUH7HDP ?
 ? ߠ்௥௨௘ א ܽݎ݃݉݅݊ሼ ? ሾݕത௔௖௧௨௔௟ െ ݂ሺߠǡ ݔ௜ሻሿଶଷ଴௜ୀଵ ሽ     (T ?
7KHQZHXVHGWKHFDOLEUDWHG³SHUIHFWPRGHO´WRJHQHUDWHWZRDUWLILFLDOGDWDVHWV$WUDLQLQJ ?
GDWDVHWFRQVLVWLQJRIDQQXDOGDWHVRIDQWKHVLVݕ௜ି௧௥௔௜௡்௥௨௘ IRUDOOVHDVRQVEHWZHHQDQG ?
XVLQJ REVHUYHG ZHDWKHU GDWD IURP WKH $J&)65 GDWDVHW ?
KWWSGDWDJLVVQDVDJRYLPSDFWVDJPLSFI DQG  D WHVWLQJ GDWDVHW ݕ௜ି௧௘௦௧்௥௨௘  FRQVLVWLQJ RI ?
DQQXDOGDWHVRIDQWKHVLVRYHU\HDUVRIELDVFRUUHFWHGZHDWKHUGDWD7KHZHDWKHUGDWDZDV ?
VDPSOHG IURP WKH SUHGLFWHG ¶V FOLPDWH XQGHU WKH 5&3 E\ WKH *')/&0 *OREDO ?
&OLPDWH0RGHO$VVHQJHWDO:HDVVXPHWKDWWKHUHLVQRDGDSWDWLRQWRFOLPDWHFKDQJH ?
KHQFHVRZLQJGDWHVDQGFXOWLYDUVZHUHIL[HGIRUERWKWLPHSHULRGVLQHDFKORFDWLRQ ?
7DEOH ?
7RPLPLFWKHVDPSOLQJHUURUWKDWH[LVWVLQILHOGPHDVXUHPHQWV.HUVHEDXPHWDOZH ?
DGGHGQRLVHߝ௜WRWKHIORZHULQJWLPHGDWDVHWVFUHDWHGZLWKWKH³SHUIHFWPRGHO´(TDQG ?
LQ )LJ  1RLVH YDOXHV ZHUH VDPSOHG IURP QRUPDO GLVWULEXWLRQV ZLWK PHDQ DW ]HUR DQG ?
YDULDQFHߪఌଶ:HDVVXPHKHUHLQDIWHUWKDWWKHUHVXOWLQJYDOXHVݕ௜ି௧௥௔௜௡ெ௘௔௦௨௥௘RUݕ௜ି௧௘௦௧ெ௘௔௦௨௥௘UHSUHVHQW ?
WKHORQJVHULHV݅ ൌ  ሼ ?ǡ ǥ ǡ ? ?ሽRIUHFRUGVRIDQWKHVLVGDWHVXQGHUEDVHOLQHDQGIXWXUHFOLPDWH ?
7KHDUWLILFLDOGDWDVHWVJHQHUDWHGIRUWKHVLPXODWLRQH[SHULPHQWDUHOLVWHGLQ7DEOH ?
7DEOH ?
6WHSVWRJHQHUDWHWKHOHDUQLQJFXUYHV ?
7KHPRGHOVZHUHUHFDOLEUDWHG)LJXVLQJ2/6(TDQGQUDQGRPO\VDPSOHGVHDVRQV ?
IURPWKHWUDLQLQJGDWDVHW(T7KHUHVXOWLQJPRGHO݂ௌ௜௠൫ߠ෠ǡ ݔ௜൯ZDVXVHGWRVLPXODWHWKHQ ?
VHDVRQVRIWKHFDOLEUDWLRQGDWDVHWEDVHOLQHDQGWKHVHDVRQVRIWKHWHVWLQJGDWDVHWLH¶V ?
DQWKHVLVGDWHVXQGHU5&37KHDVVHVVPHQWRIWKHSHUIRUPDQFHRI݂ௌ௜௠൫ߠ෠ǡ ݔ௜൯ZDVEDVHGRQ ?
 ?

LWV0HDQ6TXDUH(UURU06((TDQGWKH0HDQ6TXDUH(UURURI3UHGLFWLRQ06(3(T ?
 ?
:HUHSHDWHGWKHFDOLEUDWLRQHYDOXDWLRQSURFHVVPXOWLSOHWLPHV)LJFKDQJLQJWKHQXPEHU ?
RIPHDVXUHPHQWVQDQGQRLVHOHYHOVߪఌଶLQWKHWUDLQLQJGDWDVHW7KHQXPEHURIPHDVXUHPHQWV ?
UDQJHGIURPXSWRVHDVRQVLQVWHSVRI7KHORZHUOLPLWLQWKHQXPEHURIVHDVRQVZDVVHW ?
MXVWDERYHWKHPLQLPXPQXPEHUUHTXLUHGWRFDOLEUDWHSDUDPHWHUVIURPDPDWKHPDWLFDOSRLQW ?
RIYLHZ:HDOVRLQFUHDVHGWKHQRLVHLQWUDLQLQJVHWIURPWRDQGGD\V:H ?
FRQVLGHUWKDWWKHXSSHUOLPLWLQWKHOHYHORIQRLVHLVDUDUHVLWXDWLRQZKHQREVHUYDWLRQVDUHWDNHQ ?
E\ZHOOWUDLQHGH[SHULPHQWDOLVWV$ߪఌଶ ൌ  ?UHSUHVHQWVDFKDQFHWRKDYHDPHDVXUHPHQW ?
HUURUJUHDWHUWKDQGD\V7KHUHVXOWRIWKHFDOLEUDWLRQVDQGHYDOXDWLRQPD\YDU\GHSHQGLQJRQ ?
WKHVHDVRQVDQGHUURUVVDPSOHGLQHYHU\FRPELQDWLRQRIQDQGߪఌଶ+HQFHHYHU\VLWXDWLRQZDV ?
UHSHDWHGWLPHVWRHQVXUHWKDWWKHUHVXOWVDUHLQGHSHQGHQWIURPWKHVDPSOLQJ ?
:HFRQVLGHUWZRPRGHOVWUXFWXUHVVRZHKDGWZRGLIIHUHQWVLWXDWLRQVUHJDUGLQJWKHFKRLFHRI ?
WKHWUXH்݂௥௨௘DQGWKHVLPXODWLRQ݂ௌ௜௠PRGHO7KHDLPZDVWRH[SORUHKRZWKHVWUXFWXUH ?
DIIHFWHGWKHOHDUQLQJFXUYHV,QWKHILUVWVLWXDWLRQ6ZHDVVXPHWKDWWKHVLPXODWLRQPRGHO ?
UHSUHVHQWVSHUIHFWO\WKHPHFKDQLVPVRIWKHWUXHV\VWHPLH݂ௌ௜௠ ൌ ்݂௥௨௘ ൌ ܥܥ7KHVHFRQG ?
VLWXDWLRQ 6 DVVXPHV WKDW WKHPRGHO LV MXVW DQDSSUR[LPDWLRQ ݂ௌ௜௠ ് ்݂௥௨௘EHLQJ݂ௌ௜௠ ൌ ? ܤܵܽ݊݀்݂௥௨௘ ൌ ܥܥ ?
)LJ ?
0RGHOSHUIRUPDQFHQXPEHURIPHDVXUHPHQWVQRLVHDQGGDWDUHTXLUHPHQWV ?
,QVWDWLVWLFVLWLVNQRZQWKDWWKH06(3UHDFWVWRWKHVL]HRIWKHWUDLQLQJGDWDVHWQIROORZLQJ ?
(TIRUOLQHDUUHJUHVVLRQVPRGHOV:DOODFKHWDO7KHPDJQLWXGHRI06(3GHSHQGV ?
RQPRGHOHUURUVߪఌଶDQGWKHQXPEHURISDUDPHWHUVEHLQJFDOLEUDWHG݌7KHWKHRU\LVYDOLG ?
ZKHQWKHOLQHDUUHJUHVVLRQVUHSUHVHQWVXLWDEO\WKHV\VWHPDQGWKHWUDLQLQJDQGWHVWLQJ ?
GDWDVHWVEHORQJWRWKHVDPHSRSXODWLRQ ? ܯܵܧܲ ൌ  ߪఌଶ ቀ௣௡ ൅  ?ቁ        (T ?
3KHQRORJ\PRGHOV LQFOLPDWH LPSDFWDVVHVVPHQWVFRQWUDGLFWERWKSUHPLVHV  WKH\DUH IDU ?
IURPOLQHDUDQGWKHEDVHOLQHWUDLQLQJGDWDVHWVDQGIXWXUHFOLPDWHIORZHULQJGDWHVWHVWLQJ ?
GDWDVHWUHSUHVHQWGLIIHUHQWSRSXODWLRQV,QVWHDGRI(TWKHUHODWLRQVKLSZLOOEHH[SUHVVHG ?
DFFRUGLQJWRWKHSRZHUODZ(T,Q(TDDQGEUHSUHVHQWWKHOHDUQLQJUDWHDQGOHDUQLQJ ?
 ?

OLPLWUHVSHFWLYHO\7KHOHDUQLQJUDWHDUHSUHVHQWWKHSRUWLRQVRIWKH06(3WKDWLVUHGXFLEOH ?
ZLWKODUJHUWUDLQLQJGDWDVHWVQ&RQYHUVHO\WKHOHDUQLQJOLPLWEFRQVWLWXWHVWKHXQUHGXFLEOH ?
SDUWRI06(3(TLVDPRUHJHQHUDOIRUPRI(TVLQFHDDQGEFDQDGRSWWKHYDOXHVܽ ൌ ? ݌ߪఌଶDQGܾ ൌ  ߪఌଶ ?
ெ݂ௌா௉ሺ݊ሻ ൌ  ௔௡ ൅ ܾ         (T ?
%DVHGRQ(TZHH[SORUHWKHPRGHOGDWDUHTXLUHPHQWVE\HVWLPDWLQJWKHVPDOOHVWFDOLEUDWLRQ ?
GDWDVHW WKDW GRHV QRW WULJJHU VLJQLILFDQW LPSURYHPHQW LQ WKH SUHGLFWLRQ HUURUV XQGHU IXWXUH ?
FOLPDWHLHWKHORZHUYDOXHRIQWKDWPDNHV ?ܯܵܧܲ ൌ  ெ݂ௌா௉ሺ݊ሻ െ ெ݂ௌா௉ሺ݊ ൅  ?ሻFURVVLQJD ?
WKUHVKROG:HZLOOFRQVLGHUWKDW ?ܯܵܧ ܲLVWULYLDOZKHQWKHHUURULVUHGXFHGOHVVWKDQGD\LQ ?
RQHRIWKHVHDVRQVXQGHUFOLPDWHFKDQJHW §7KHXVHRI ?ܯܵܧ ܲWRGHWHUPLQH ?
WKHGDWDUHTXLUHPHQWVIRFXVHVRQWKHUROHRIWKHVL]HRIWKHGDWDVHWUDWKHUWKDQDQ\RWKHUIDFWRU ?
DIIHFWLQJWKH06(3 ?
5HVXOWV ?
³3HUIHFWPRGHO´FDOLEUDWLRQWUDLQLQJDQGWHVWLQJGDWDVHWV ?
7KHFDOLEUDWLRQRI WKH³SHUIHFWPRGHO´\LHOGHGJRRGUHSUHVHQWDWLRQRI WKHREVHUYHGDYHUDJH ?
IORZHULQJGDWHXQGHUEDVHOLQHFOLPDWH7DEOHDQG)LJ7KH\HDUPHDQVRIWKHDQQXDO ?
IORZHULQJGDWH VLPXODWHGE\ WKH&RQWLQXRXV&XUYLOLQHDU &&PRGHOZHUHQHDUO\ HTXDO WKH ?
DFWXDODYHUDJHV7DEOH7KHVLPXODWLRQVFDUULHGRXWZLWKWKH³SHUIHFWPRGHO´XQGHUFOLPDWH ?
FKDQJHFRQGLWLRQV)LJOHGWRHDUOLHUIORZHULQJGDWHV)ORZHULQJGDWHVZLWKWKH&&PRGHO ?
RFFXUUHGEHWZHHQGD\VHDUOLHUWKDQLQWKHEDVHOLQH5XVVLDZDVWKHRQO\ORFDWLRQZKHUH ?
WKHPRGHOSUHGLFWHGDODWHUIORZHULQJGD\V ?
)LJ ?
6L]HRIWKHWUDLQLQJGDWDVHWPHDVXUHPHQWHUURUDQGPRGHOSHUIRUPDQFH±6 ?
PRGHOVWUXFWXUHVDUHFRUUHFWࢌࢀ࢛࢘ࢋ ൌ ࢌࡿ࢏࢓ ?
6HYHUDOFDOLEUDWLRQVDQGHYDOXDWLRQVRIWKH&&PRGHOZHUHFDUULHGRXWIROORZLQJWKHDOJRULWKP ?
GHVFULEHGDERYH7KHFDOLEUDWLRQGDWDVHWZDVFKDQJHGZLWKUHVSHFWWRWKHQXPEHURIVHDVRQV ?
QDQGOHYHOVRIQRLVHߪఌଶDQGWKHPRGHOSHUIRUPDQFHZDVWHVWHGLQWHUPVRIPHDQVTXDUHG ?
HUURUV 06(DQG06(37KHVTXDUHGHUURUVRI WKH&&PRGHOVFDQEHVHHQ LQ)LJV ,Q ?
JHQHUDO)LJVKRZVDQLQFUHDVHRI06(DQGDGHFUHDVHRI06(3ZLWKJUHDWHUVL]HVRIWKH ?
 ?

FDOLEUDWLRQGDWDVHWQ7KH06(DQG06(3WHQGWRWKHYDULDQFHRIQRLVHLHDQG ?
GD\VZLWKRXWUHDFKLQJLWIRUWKHUDQJHRIQH[SORUHG,WVKRXOGEHQRWHGWKDWWKHJUDSKVGLIIHU ?
LQWKHUDQJHRIVTXDUHGHUURUVGLVSOD\HGRQWKH\D[LVIRUYLVXDOL]DWLRQSXUSRVHV5HVXOWVVKRZ ?
WKDW SUHGLFWLRQSHUIRUPDQFH 06(3ZRUVHQVSURSRUWLRQDOO\ZLWK WKH OHYHORIPHDVXUHPHQW ?
HUURULQERWKFDOLEUDWLRQDQGHYDOXDWLRQ5 )LJD ?
:HDGMXVWHG(TE\HVWLPDWLQJWKHOHDUQLQJUDWHDDQGOHDUQLQJOLPLWEWKDWILWWHGEHVWWKH ?
PHGLDQ06(VDQG06(3VDPRQJORFDWLRQVVROLGOLQHVLQ)LJ7KHOHDUQLQJUDWHLVQHJDWLYH ?
ZKHQ WKH WUDMHFWRU\DVFHQGV 06(DQGSRVLWLYHRWKHUZLVH 06(37KHFXUYHV UHSUHVHQWHG ?
ZHOO WKH LQFUHDVHRI WKH 06(ZLWK WKHQXPEHURIREVHUYDWLRQV7KHYDULDELOLW\RI WKH06( ?
H[SODLQHGE\WKHSRZHUODZYDULHGEHWZHHQDQGIRUWKH&&PRGHO)LJ&XUYHV ?
UHSUHVHQWHGVOLJKWO\ZRUVHWKHUHVXOWVRIWKH06(3V7KHFRHIILFLHQWVRIGHWHUPLQDWLRQGURSSHG ?
IURPIRUWKH06(VWRIRUWKH06(3VRIWKH&&PRGHO)LJVKRZVKRZ ?
WKH 06(3V VSUHDG RXW FRPSDUHG WR WKH 06(V DV WKH HUURUV YDULHG FRQVLGHUDEO\ EHWZHHQ ?
ORFDWLRQV ?
)LJ ?
)LJ ?
:H IXUWKHU H[SORUHG WKH UHODWLRQVKLS EHWZHHQ RXU UHVXOWV DQG WKHRU\ (T  *LYHQ WKH ?
SURSRUWLRQDOLW\ EHWZHHQ 06(3V DQG ߪఌଶ )LJ D ZH FRPSXWHG WKHLU UDWLR ܯܵܧܲ ߪఌଶ ? ൌ ? ܯܵܧܲᇱ WR UHPRYH WKH GLIIHUHQFHV DPRQJ 06(3V FDXVHG E\ QRLVH $FFRUGLQJ WR WKHRU\ ? ܯܵܧܲᇱVKRXOGIROORZ݌ ݊ ? ൅  ?:HDGMXVWHG(TWRUHSUHVHQWWKHܯܵܧܲᇱ%DVHGRQ(T ? ܽVKRXOGEHHTXDOWR݌DQGܾHTXDOWRLQWKLVFDVHܽ ൌ  ?ܾ ൌ  ?2XUUHVXOWVDSSURDFKHG ?
UHDVRQDEO\ZHOOWRWKHRU\)LJDWKHPRGHOZDVVLJQLILFDQW݌ െ ݒ݈ܽݑ݁ ൌ  ?Ǥ ? ?  ?  ? ?ି଺DQG ?
UHSUHVHQWHG ZHOO WKH YDULDWLRQV RI ܯܵܧܲᇱ 5    $GGLWLRQDOO\ WKH HVWLPDWHG PRGHO ?
FRHIILFLHQW UHPDLQHG FORVH WR WKH WKHRUHWLFDO YDOXHV ZLWK ොܽ ൌ  ?Ǥ ? ?ሺേ ?Ǥ ? ?ሻ DQG ෠ܾ ൌ ?  ?Ǥ ? ?ሺേ ?Ǥ ? ?ሻ ?
)LJ ?
$ODUJHUQDQGKLJKHUߪఌଶKDGSRVLWLYHDQGQHJDWLYHLPSDFWVUHVSHFWLYHO\RQWKHSUHGLFWLRQ ?
SHUIRUPDQFH)LJD7RLQYHVWLJDWHWKHFRPSHQVDWLRQVEHWZHHQQDQGߪఌଶZHUHDUUDQJHG ?
(T  WR FDOFXODWH WKH Q UHTXLUHG WR UHDFK D VSHFLILF 06(3 ݊ ൌ ොܽ ሺܯܵܧܲ ߪఌଶ ? ሻ ? െ ෠ܾ ?
&RPELQHGVHTXHQFHVRI06(3DQGߪఌଶZHUHIHGLQWRWKHHTXDWLRQWREXLOGWKHUHVSRQVHVXUIDFHV ?
 ?

VHHQLQ)LJD7KHJUDSKVKRZVWKHQ]D[LVGHSHQGLQJRQWKH06(3[D[LVDQGWKHߪఌଶ\ ?
D[LV7KHQRQHTXLGLVWDQWFRQWRXUOLQHVLQ)LJDGHSLFW WKHQRQOLQHDULWLHVEHWZHHQ06(3 ?
DQG Q FDSWXUHG LQ (T  DQG  7KH VWUDLJKWQHVV RI WKH FRQWRXU OLQHV UHIOHFWV WKH OLQHDU ?
UHODWLRQVKLSEHWZHHQ06(3DQGߪఌଶUHSUHVHQWHGLQ(T:HLQVSHFWHGZKHWKHUODUJHUEXWOHVV ?
SUHFLVHGDWDVHWVFRXOGOHDGORZHU06(3VWKDQVPDOOHUEXWPRUHSUHFLVHGDWDVHWV7KHGDVKHG ?
EODFNOLQHLQ)LJDVKRZVRQHFDVHZKHUHWKH06(3LVUHGXFHGIURPGD\WRGD\LQVWHSV ?
RIGD\E\XVLQJWUDLQLQJGDWDVHWVZLWKVL]HQHTXDOWRDQGDQGQRLVHOHYHOV ?
HTXDOWRDQGGD\VUHVSHFWLYHO\(TVDQG)LJDFRQILUPWKDW ?
LW LVSRVVLEOH LQ WKHRU\ WRFRPSHQVDWH WKH ODFNRISUHFLVLRQ LQ WKHPHDVXUHPHQWVZLWKPRUH ?
VHDVRQV REVHUYHG +RZHYHU WKH HTXDWLRQV DQG WKH UHVXOWV LQ )LJ D KLJKOLJKW WZR PDMRU ?
OLPLWDWLRQVIRUWKLVW\SHRIFRPSHQVDWLRQVWKHQRLVHLPSRVHVDPLQLPXPOLPLWRIWKH06(3 ?
 ௡՜ஶ ܯܵܧܲ ൌ ߪఌଶDQG Q FKDQJHVYHU\TXLFNO\ZLWK06(3 DQGߪఌଶ ൌ  ሺܯܵܧܲ െ ܾሻ ?  ?
EHFRPLQJUDSLGO\YHU\ODUJHDQGSUDFWLFDOO\XQIHDVLEOH ?
)LJ ?
'DWD UHTXLUHG WR UHDFK WKH WKUHVKROG¨06(3 ZDV FDOFXODWHGXVLQJ(TV 7KH ?
LPSURYHPHQWV LQPRGHOSHUIRUPDQFHZHUHQRW VLJQLILFDQWZKHQ WKH VL]HRI WUDLQLQJGDWDVHW ?
UHDFKHGWKHQXPEHURIREVHUYDWLRQVDSSHDULQJLQ7DEOHFROXPQ6LWXDWLRQ6)RULQVWDQFH ?
PRGHOVVKRZHGQRPHDQLQJIXOLPSURYHPHQWLQSUHGLFWLRQVNLOOVZLWKWUDLQLQJGDWDVHWVODUJHU ?
WKDQPHDVXUHPHQWVZKHQQRLVHZDVߪఌଶ 7KHGDWDUHTXLUHGLQFUHDVHGZLWKJURZLQJ ?
OHYHOVRIQRLVH ?
7DEOH ?
(YHU\VTXDUHGRWLQ)LJUHSUHVHQWVWKHVTXDUHGHUURU06(06(3RIDSDUWLFXODUORFDWLRQ ?
7KHGLVSHUVLRQRIWKH06(3YDOXHVUHYHDOV WKDW WKHYDULDWLRQEHWZHHQORFDWLRQV LV ODUJH7R ?
H[SORUHWKHUHDVRQVEHKLQGWKHVHGLIIHUHQFHV(TZDVDGMXVWHGLQGHSHQGHQWO\IRUWKHUHVXOWV ?
RIHDFKORFDWLRQ:HLQVSHFWHGZKHWKHUWKHYDULDQFHRIWKHWUDLQLQJSRSXODWLRQIORZHULQJGDWHV ?
PLJKWEHEHKLQGWKHGLIIHUHQFHVLQWKHORFDWLRQVSHFLILFOHDUQLQJUDWHVDDQGOLPLWV ?
ERIWKH06(3V)LJGLVSOD\VWKHDDQGEREWDLQHGIURPWKH06(3VIRUHDFKORFDWLRQDQG ?
QRLVH OHYHO RQ WKH [D[LV 2Q WKH \D[LV WKH JUDSK VKRZV WKH D¶ DQG E¶ REWDLQHG IURP D ?
UHJUHVVLRQEDVHGRQQRLVHߪఌଶDQGWKHYDULDQFHRIWKHWUDLQLQJGDWDVHWߪଶ்:HIRXQGWKDWWKH ?
YDULDQFHRIWKHWUDLQLQJGDWDVHWDQGWKHYDULDQFHRIQRLVHLQWKHPHDVXUHPHQWVH[SODLQHGPRVW ?
RIWKHYDULDELOLW\LQWKHOHDUQLQJUDWHV)LJD7KHUHJUHVVLRQRID¶EDVHGRQߪఌଶDQGߪଶ்VKRZV ?
 ?

D JRRG ILW EHWZHHQ WKH DFWXDO DQG WKH HVWLPDWHG OHDUQLQJ UDWHV 5  7KH YDULDQFH RI ?
WUDLQLQJGDWDVHWDQGLWVSURGXFWZLWKWKHYDULDQFHRIQRLVHߪଶ்ÂߪఌଶZHUHKLJKO\VLJQLILFDQWS ?
 WR H[SODLQ WKH YDULDWLRQV LQ OHDUQLQJ UDWHV 7KH YDULDELOLW\ LQ E¶ )LJ E ZDV RQO\ ?
VLJQLILFDQWO\H[SODLQHGSE\WKHQRLVH5  ?
)LJ ?
6L]HRIWKHWUDLQLQJGDWDVHWPHDVXUHPHQWHUURUDQGPRGHOSHUIRUPDQFH±6 ?
PRGHOVWUXFWXUHVDUHDSSUR[LPDWLRQVࢌࢀ࢛࢘ࢋ ് ࢌࡿ࢏࢓ ?
7KHHQWLUHSURFHVVZDVUHSHDWHGEXWWKLVWLPHWKHWUXHPRGHODQGWKHVLPXODWLRQPRGHOZHUH ?
GLIIHUHQW ,Q)LJWKH&&PRGHOUHSUHVHQWVWKHWUXHPHFKDQLVP்݂௥௨௘ ൌ ܥܥDQGWKH%6 ?
PRGHOLVXVHGDVDQDSSUR[LPDWLRQ݂ௌ௜௠ ൌ ܤܵ&XUYHVZLWKWKHVKDSHRI(TZHUHDGMXVWHG ?
WRWKHUHVXOWVRIWKH06(DQG06(3)LJ06(VDQG06(3VHYROYHGDV\PSWRWLFDOO\ZLWK ?
WKHVL]HRIWKHWUDLQLQJGDWDVHWDV LQ6(TUHSUHVHQWHGZHOO WKHYDULDWLRQVRI WKH06(V ?
JUH\GRWVLQ)LJ5UDQJHGEHWZHHQDQGIRUWKH%6PRGHOVLPXODWLRQVEODFN ?
OLQHVLQ)LJDQGGURSSHGWRIRUWKH06(3VZLWKWKH%6PRGHOUHGOLQHVLQ)LJ ?
7KHUHVXOWVVKRZWKDWWKHSUHGLFWLRQHUURULQFUHDVHGOLQHDUO\ZLWKWKHQRLVH5 )LJE ?
7KHYDOXHVRI06(VDQG06(3VZHUHZHOOUHSUHVHQWHGE\DOLQHDUUHJUHVVLRQZLWKDQLQWHUFHSW ?
݇JUHDWHUWKDQ]HUR7KLVLQWHUFHSWVKRZVWKHDYHUDJHFRVWRIDQDSSUR[LPDWHGPRGHOVWUXFWXUH ?
ZKLFKZDVDQGGD\VIRUWKH06(DQG06(3UHVSHFWLYHO\7KHLQIOXHQFHRIPRGHO ?
VWUXFWXUHLVDOVRLOOXVWUDWHGE\DZLGHUVSUHDGRI06(3VDPRQJORFDWLRQVLQ6WKDQLQ6UHG ?
GRWVLQ)LJ6WUXFWXUDOPRGHOHUURUVZRUVHQHGSUHGLFWLRQSHUIRUPDQFHWRDJUHDWHURUOHVVHU ?
H[WHQWGHSHQGLQJRQWKHORFDWLRQ)RULQVWDQFHWKH06(3VZHUHKLJKDQGURXJKO\GHFUHDVHG ?
ZLWKWKHVL]HRIWUDLQLQJGDWDVHWQZKHQDSSO\LQJWKH%6PRGHOLQ7XUNH\RXWOLHUVLQ)LJ ?
7KHIODWHYROXWLRQRIWKHHUURUUHSUHVHQWVWKHQHHGRIVWUXFWXUDOPRGHOLPSURYHPHQWV ?
)LJ ?
7KH LPSDFW RI VWUXFWXUDO HUURU RQ 06(3 ZDV UHPRYHG E\ VXEWUDFWLQJ WKH ORFDWLRQVSHFLILF ?
PLQLPXP SUHGLFWLRQ HUURU REWDLQHG ZLWK ]HUR QRLVH WUDLQLQJ GDWDVHWV ݇௟௢௖ $V LQ 6 WKH ?
GLIIHUHQFHV DPRQJ 06(3V FDXVHG E\ QRLVH ZHUH HOLPLQDWHG E\ GLYLGLQJ 06(3 E\ ߪఌଶ ?
ܯܵܧܲᇱ ൌ ሺܯܵܧܲ െ ݇௟௢௖ሻ ߪఌଶ ? :HDGMXVWHG(TWRܯܵܧܲᇱE\FDOLEUDWLQJDDQGE)LJ ?
E7KHPRGHOZDVVLJQLILFDQW݌ െ ݒ݈ܽݑ݁ ൌ  ?Ǥ ? ?  ?  ? ?ି଺DQGH[SODLQHGDKLJKSRUWLRQRIWKH ?
YDULDELOLW\ LQ ܯܵܧܲᇱ 5    7KH HVWLPDWHG YDOXHV RI WKH FRHIILFLHQWV ොܽ DQG ෠ܾ ZHUH ?
DQGVR ොܽZDVVOLJKWO\JUHDWHUWKDQWKHYDOXHLQ6DQG ෠ܾZDVVLPLODU ?
 ?

WR 6 DQG LWV WKHRUHWLFDO YDOXH 7KHUHIRUH WKH PRGHO VWUXFWXUH KDPSHUHG WKH SDUDPHWHU ?
HVWLPDWLRQVLQFH ොܽLVWKHSRUWLRQRI06(3DWWULEXWHGWRSDUDPHWHUHVWLPDWLRQHUURU ?
:HHVWLPDWHGWKHQFRQWRXUOLQHVLQ)LJEEDVHGRQDJLYHQ06(3VDQGߪఌଶ7KHVSHFLILF ?
YHUVLRQRI(TWR6ZDVUHDUUDQJHG݊ ൌ ොܽ ሺሺܯܵܧܲ െ ݇௟௢௖ሻ ߪఌଶ ? ሻ ? െ ෠ܾ&RPSDUHGWR ?
6FRQWRXUOLQHVLQ6DUHRIIVHWWRWKHORZHUULJKWFRUQHURIWKHJUDSK7KLVLQGLFDWHVWKDWWKH ?
QXPEHURIREVHUYDWLRQVQHHGHGWRUHDFKDSUHGLFWLRQSHUIRUPDQFHLQ6LVODUJHUWKDQLQ6 ?
7KHFRQWRXUVOLQHVDUHPRUHKRUL]RQWDOWKDQLQ6UHSUHVHQWLQJDORZHUUHVSRQVHRIQWRWKH ?
QRLVHLQWKHWUDLQLQJGDWDVHW5HVXOWVVXJJHVWEODFNGRWVLQ)LJEWKDWWKHWUDLQLQJGDWDVHWVRI ?
QHTXDOWRDQGFDQUHGXFHWKHSUHGLFWLRQHUURUIURPGD\VWRGD\VLQVWHSV ?
RIGD\ZLWKLQFUHDVLQJQRLVHVDQGGD\V ?
'DWDUHTXLUHPHQWVZHUHHVWLPDWHGE\ILQGLQJWKHVPDOOHVWQWKDWVXUSDVVHGWKHWKUHVKROGZLWK ?
WKH OHDUQLQJ UDWHV DQG OLPLWV VSHFLILF WR HDFK ORFDWLRQ 7KH PRGHOV VWRSSHG VLJQLILFDQWO\ ?
LPSURYLQJPRGHOSUHGLFWLRQVDWWKHQ¶VVSHFLILHGLQ7DEOHXQGHUWKHFROXPQIRU6LWXDWLRQ6 ?
7KHUHLVDQLQFUHDVHLQGDWDUHTXLUHPHQWVZKHQWKHPRGHOVWUXFWXUHFKDQJHGIURPSHUIHFWWR ?
DSSUR[LPDWH7DEOH ?
$VLQ6(TZDVILWWHGLQGHSHQGHQWO\WRWKHUHVXOWVIURPHDFKORFDWLRQH[WUDFWLQJWKHYDOXHV ?
RI D DQG E 7R XQGHUVWDQG WKH GLIIHUHQFHV EHWZHHQ ORFDWLRQV ZH H[SORUHG WKH UHODWLRQVKLS ?
EHWZHHQWKHOHDUQLQJUDWHDQGOLPLWVZLWKWKHWUDLQLQJSRSXODWLRQYDULDQFHߪଶ்DQGOHYHORI ?
QRLVHߪఌଶ)LJLVVLPLODUWR)LJEXWZLWKWKHUHVXOWVIURP67KHUHVXOWVVKRZHGDZRUVH ?
DSSUR[LPDWLRQEHWZHHQDFWXDODQGHVWLPDWHGOHDUQLQJUDWHVDYVD¶5 DQGOHDUQLQJ ?
OLPLWV E YV E¶ 5    WKDQ LQ 6 )LJ  7KH WHUPVߪଶ் DQG ߪଶ்Âߪఌଶ ZHUH KLJKO\ ?
VLJQLILFDQWSIRUH[SODLQLQJWKHYDULDWLRQVRIWKHOHDUQLQJUDWHVDPRQJORFDWLRQV7KH ?
YDULDWLRQRIWKHOHDUQLQJOLPLWDPRQJORFDWLRQVZDVVLJQLILFDQWO\H[SODLQHGE\WKHWHUPVߪఌଶDQG ? ߪଶ்)LJEVKRZVWKDWߪఌଶDQGߪଶ்DORQHGLGQRWUHSUHVHQWZHOOWKHOHDUQLQJOLPLWVLQORFDWLRQV ?
VXFK DV 7XUNH\ JUHHQ VTXDUHV 7KH VKLIW RI WKH SRLQWV WRZDUGV WKH ULJKW ZKLOH UHPDLQLQJ ?
SDUDOOHO WR WKH OLQH LQGLFDWHV H[LVWHQFHRI DQ DGGLWLRQDO ORFDWLRQVVSHFLILF FRQVWDQW WHUP ?
H[SODLQLQJWKHOHDUQLQJOLPLW ?
)LJ ?
'LVFXVVLRQ ?
 ?

$VLQRWKHUGLVFLSOLQHVHJ)LJXHURDHWDOWKHOHDUQLQJFXUYHVKDYHSURYHGWREHXVHIXO ?
IRUDVVHVVLQJFURSSKHQRORJ\PRGHOVLQWHUPVRIHOXFLGDWLQJWKHUHODWLRQVKLSEHWZHHQGDWDVHWV ?
DQGSUHGLFWLRQSHUIRUPDQFHDQGGHILQLQJWKHVXLWDEOHVL]HRIWKHFDOLEUDWLRQGDWDVHWVJLYHQD ?
SUHGLFWLRQHUURUWDUJHW ?
:HH[SORUHGWKHLQWHUDFWLRQEHWZHHQWKHQXPEHURIPHDVXUHPHQWVLQWKHFDOLEUDWLRQGDWDVHW ?
DQGWKHSUHGLFWLRQVNLOOVRIWZRSKHQRORJ\PRGHOV7KHUHVXOWVVKRZDQRQOLQHDUUHODWLRQVKLS ?
EHWZHHQ SUHGLFWLRQ HUURU DQG WKH VL]H RI WKH FDOLEUDWLRQ GDWDVHW 7KH V\VWHP GHYHORSHG E\ ?
.HUVHEDXPHWDOVFRUHVWKHTXDOLW\RIPRGHOOLQJGDWDVHWVLQDOLQHDUIDVKLRQZLWKWKH ?
QXPEHU RI VHDVRQV REVHUYHG 7KH H[LVWLQJ VWDWLVWLFDO WKHRU\ DQG RXU UHVXOWV VXJJHVW WKDW D ?
QRQOLQHDUSRZHUODZVFRULQJV\VWHPZRXOGEHPRUHUHSUHVHQWDWLYH$FFRUGLQJWRWKHHIIHFWRI ?
QRLVH RQ PRGHO VTXDUHG HUURU ZH REVHUYHG WKDW SUHGLFWLRQ SHUIRUPDQFH LPSURYHV ?
SURSRUWLRQDOO\ZLWKUHGXFWLRQVLQPHDVXUHPHQWHUURU7KHUHODWLRQVKLSVEHWZHHQVL]HQRLVHRI ?
GDWDVHWV DQG PRGHO VNLOOV (T  LQGLFDWH WKDW LW FRXOG EH SRVVLEOH WR LPSURYH WKH ?
SUHGLFWLRQVVNLOOVXVLQJ OHVVSUHFLVHEXWPRUHDEXQGDQWGDWDVHWV ݊ ൌ ܽ ሺܯܵܧܲ ߪఌଶ ? ሻെ ܾ ? ሻ ?
7KHUHIRUH VDWHOOLWH LPDJHV IRU LQVWDQFH FRXOG KHOS REVHUYLQJ JURXQGEDVHG SKHQRORJ\ ?
6DNDPRWR HW DO  WR LPSURYH FOLPDWH FKDQJH LPSDFW DVVHVVPHQWV 7KHLU VSDWLDO DQG ?
WHPSRUDO FRYHUDJH ODUJH Q PD\ FRPSHQVDWH WKH HUURUV DULVLQJ IURP FDOLEUDWLRQ DQG ?
DWPRVSKHULFGLVWXUEDQFHVKLJKߪఌଶ 6WXGHUHWDO+RZHYHU FRPSHQVDWLRQVEHWZHHQ ?
QRLVH DQG VL]H RI GDWDVHWV PLJKW EH OLPLWHG E\ WKH QRQOLQHDU JURZWK LQ VL]H QHHGHG WR ?
FRPSHQVDWH IRU PHDVXUHPHQW HUURU )XUWKHU DVVHVVPHQWV LQYHVWLJDWLQJ WKHVH V\QHUJLHV DUH ?
QHHGHG ?
:H HVWLPDWHG WKDW  REVHUYDWLRQV RI IORZHULQJ GDWHV ZHUH HQRXJK WR FRQGXFW LPSDFW ?
DVVHVVPHQWVXQGHU¶VFOLPDWHFKDQJHFRQGLWLRQV7KHVHUHVXOWVFRUUHVSRQG WRGD\ ?
PHDVXUHPHQWHUURUDQGSHUIHFWPRGHOVWUXFWXUHV+RZHYHUPRGHOVWUXFWXUHVDUHNQRZQWREH ?
LPSHUIHFWUHSUHVHQWDWLRQVRIWKHDJULFXOWXUDOV\VWHPV5|WWHUHWDO7KHUHIRUH6LVPRUH ?
UHDOLVWLF UHSUHVHQWDWLRQ RI WKH VLWXDWLRQ LQ FURS PRGHOOLQJ ,Q RXU H[SHULPHQW VWUXFWXUDO ?
DSSUR[LPDWLRQV 6 WUDQVODWHG LQWR DQ LQFUHDVH RISUHGLFWLRQ HUURU 7KH HUURU LQFUHDVH ZDV ?
VSHFLILFWRHDFKPRGHODQGORFDWLRQ6WUXFWXUDOHUURUVDOVRLQWHUIHUHGZLWKSDUDPHWHUHVWLPDWLRQ ?
LQFUHDVLQJWKHGDWDUHTXLUHPHQWV7KHUHIRUHPRYLQJIURP6WR6FDXVHGDQLQFUHDVHRIGDWD ?
UHTXLUHPHQWVWRZLWKGD\RIPHDVXUHPHQWHUURU7KHQXPEHURIILHOGPHDVXUHPHQWV ?
\HDUVXVXDOO\DYDLODEOHWRFRPSDUHREVHUYDWLRQVDQGVLPXODWLRQUDQJHVIURPWREHIRUH ?
WKH FXOWLYDU EHFRPHV REVROHWH 7KLV QXPEHU RI PHDVXUHPHQWV LV DURXQG WKH UHFRPPHQGHG ?
PLQLPXP QXPEHU HVWLPDWHG LQ RXU DQDO\VLV +RZHYHU QRLVH LQ ILHOG REVHUYDWLRQV LV OLNHO\ ?
 ?

ODUJHU WKDQ  GD\V 7R JHW PRUH PHDVXUHPHQWV LQ WKH VDPH WLPH SHULRG PXOWL ?
HQYLURQPHQWDOWULDOVRUH[SHULPHQWVZLWKPXOWLSOHVRZLQJGDWHVKDYHWREHFRQGXFWHGZKLFK ?
JRHV LQ OLQH ZLWK UHFRPPHQGDWLRQV E\ +H HW DO  6WULFWO\ QHLWKHU VWUXFWXUHV FDQ EH ?
FRQVLGHUHGFRUUHFWQRUDUHSDUDPHWHUYDOXHVWUXH)RUWKHVHUHDVRQVWKHUHVXOWVREWDLQHGZLWK ?
WKLVNLQGRIDVVHVVPHQWDUHPHUHO\WKHRUHWLFDODQGDGYLVRU\7KHVHUHFRPPHQGDWLRQVFDQYDU\ ?
DPRQJORFDWLRQVWKHGDWDUHTXLUHGGHSHQGVRQWKHOHDUQLQJUDWHDQGUHVXOWVVKRZWKDWLWYDULHV ?
ZLWKWKHLQWHUDQQXDOIORZHULQJYDULDELOLW\RIWKHWUDLQLQJSRSXODWLRQ)LJDQG7KHUHIRUH ?
WKHVXLWDEOHVL]HRIWKHGDWDVHWFRXOGEHODUJHULQSODFHVZKHUHWKHUHLVJUHDWHUYDULDELOLW\DPRQJ ?
VHDVRQV ?
7KHHVWLPDWHVRIGDWDUHTXLUHPHQWVPDGHLQWKLVDVVHVVPHQWFRQFHUQSKHQRORJ\PRGHOVXVHG ?
RQWKHLURZQIRUFOLPDWHFKDQJHLPSDFWDVVHVVPHQWVIRU¶VXQGHUWKH5&3VFHQDULR ?
5HVXOWV FDQQRW EH H[WHQGHG WR SKHQRORJ\ PRGHOV HPEHGGHG LQ FURS PRGHOV HYHQ ZKHQ ?
SKHQRORJ\SDUDPHWHUVDUHLQGHSHQGHQWO\FDOLEUDWHGDVWKHLQLWLDOSURFHVVRIPRGHOFDOLEUDWLRQ ?
HJ$QJXORHWDO*HQHUDOO\WKHQXPEHURISDUDPHWHUVEHLQJFDOLEUDWHGLVJUHDWHUWKDQ ?
SLQ(TVLQFHPRUHWKDQRQHSKDVHRIWKHGHYHORSPHQWLVLQYROYHGHJIORZHULQJDQG ?
PDWXULW\$JUHDWHUQXPEHURISDUDPHWHUVPD\UDLVHWKHOHDUQLQJUDWHDLQ(TWKHUHIRUH ?
LQFUHDVLQJWKHQQXPEHURIREVHUYDWLRQVQHHGHGWRVXUSDVVWKHWKUHVKROG$GGLWLRQDOO\WKH ?
LQIRUPDWLRQ DYDLODEOH WR FDOLEUDWH WKH PRGHOV LQYROYHV REVHUYDWLRQV RI PXOWLSOH SKDVHV ?
PHDQLQJPRUHLQIRUPDWLRQWRFDOLEUDWHWKHPRGHO7KHVHDVSHFWVPD\FKDQJHWKHVKDSHRIWKH ?
OHDUQLQJFXUYHV DQG WKH VXLWDEOHQXPEHURIPHDVXUHPHQWV UHTXLUHG IRU FDOLEUDWLRQ$QRWKHU ?
IDFWRULQIOXHQFLQJWKHOHDUQLQJUDWHLVWKHLQWHUDQQXDOYDULDELOLW\RIWKHIORZHULQJWLPHDWWKH ?
WLPHEHLQJSURMHFWHGߪଶ்7KLVYDULDELOLW\RIWKHIORZHULQJWLPHPD\FKDQJHRYHUWLPHLQVRPH ?
ORFDWLRQVIRULQVWDQFHGXHWRPRUHYDULDEOHWHPSHUDWXUHVLQWKHIXWXUH&UDXIXUGDQG:KHHOHU ?
7KHUHIRUHGDWDUHTXLUHPHQWVZRXOGYDU\GHSHQGLQJRQWKHWLPHKRUL]RQEHLQJSURMHFWHG ?
)XWXUHZRUNQHHGVWRLQFOXGHPRUHSKDVHVDQGORFDWLRQVDQGWLPHKRUL]RQVLQWKHOHDUQLQJFXUYH ?
DSSURDFKDQGWKHXSVFDOLQJRIWKHOHDUQLQJFXUYHVWRZKROHFURSPRGHOV ?
&RQFOXVLRQV ?
7RRXUNQRZOHGJHWKHUHLVQRVWXG\WRGDWHJLYLQJVWDWLVWLFDOHYLGHQFHDERXWWKHHIIHFWVRIWKH ?
VL]HDQGPHDVXUHPHQWHUURURIWKHGDWDVHWVRQFURSPRGHOOLQJIRUFOLPDWHLPSDFWDVVHVVPHQW ?
+HUH ZH DSSOLHG WKH OHDUQLQJ FXUYH DSSURDFK WR FURS PRGHOOLQJ XVLQJ SKHQRORJ\ PRGHOV ?
YDU\LQJWKHGDWDVHWIHDWXUHVLQDSURJUHVVLYHPDQQHU/HDUQLQJFXUYHVPLJKWEHSURPLVLQJWRROV ?
 ?

WR H[SORUH WKH EDODQFH EHWZHHQ WKH VL]H RI WKH GDWDVHW PHDVXUHPHQW HUURU DQG PRGHO ?
SHUIRUPDQFHWRSURYLGHSUDFWLFDOJXLGDQFH ?
3UHGLFWLRQVNLOOUHDFWHGQRQOLQHDUO\WRWKHVL]HRIWKHWUDLQLQJGDWDVHWDFFRUGLQJWRSRZHUODZ ?
$SSUR[LPDWH SKHQRORJ\ PRGHOV UHTXLUHG DW OHDVW  REVHUYDWLRQV WR UHDFK QHJOLJLEOH ?
LPSURYHPHQWV ZLWK ODUJHU GDWDVHWV WR SUHGLFW WKH IORZHULQJ WLPH IRU WKH ¶V XQGHU WKH ?
5&3VFHQDULR7KHDQDO\VLVEDVHGRQOHDUQLQJFXUYHVDOVRVXJJHVWHGWKDWLPSURYHPHQWVLQ ?
SUHGLFWLRQVFDQEHDFKLHYHGZLWKOHVVSUHFLVHEXWPRUHDEXQGDQWGDWDVHWV%DVHGRQWKHWKHRU\ ?
WKHVH FRPSHQVDWLRQV IROORZ ݊ ൌ ܽ ሺሺܯܵܧܲ ߪఌଶ ? ሻെ ܾሻ ?  7KHUHIRUH QHZ VDWHOOLWHEDVHG ?
PRQLWRULQJWHFKQLTXHVFRXOGSRWHQWLDOO\LPSURYHVLPXODWLRQVGHVSLWHWKHLUHUURUV7KHH[WHQWRI ?
LPSURYHPHQWZLOOGHSHQGRQWKHQRLVHDQGQXPEHURIVHDVRQVXVHGDVDWUDLQLQJVHWDQGPRUH ?
VWXGLHVDUHQHHGHG ?
7KHHVWLPDWHVPDGHLQWKLVVWXG\FRQFHUQWKHSKHQRORJ\PRGHOVXVHGLQGHSHQGHQWO\IRULPSDFW ?
VWXGLHVRIIORZHULQJLQ¶VXQGHU5&3:HHQFRXUDJHIXUWKHUHIIRUWVWRDGDSWWKHOHDUQLQJ ?
FXUYHDSSURDFKWRFRPSOHWHFURSPRGHOVDQGH[SORUHWKHUHTXLUHPHQWVIRUSURMHFWLQJGLIIHUHQW ?
WLPHKRUL]RQV ?
$FNQRZOHGJHPHQWV ?
7KH SUHVHQW VWXG\ ZDV FDUULHG RXW LQ WKH FRQWH[W RI &URS0 ZLWKLQ WKH )$&&(0$&685 ?
NQRZOHGJHKXE7KHFRQWULEXWLRQVRI0060-(2DQG-53ZHUHIXQGHGE\,QQRYDWLRQ)XQG ?
'HQPDUN ?535DQG03+UHFHLYHGILQDQFLDOVXSSRUWIURPWKHµ/LPSRSR/LYLQJ/DQGVFDSHV¶ ?
SURMHFW 63$&(6SURJUDPJUDQWQXPEHU//$ IXQGHGE\ WKH*HUPDQ )HGHUDO ?
0LQLVWU\RI(GXFDWLRQDQG5HVHDUFKKWWSZZZEPEIGHHQDQGIURPWKH,03$&SURMHFW ?
IXQGHGE\WKH*HUPDQ)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFKJUDQWQXPEHU$$ ?
$.. DQG $-& DUH DOVR VXSSRUWHG E\ WKH &*,$5 5HVHDUFK 3URJUDP RQ &OLPDWH &KDQJH ?
$JULFXOWXUHDQG)RRG6HFXULW\&&$)6ZKLFKLVFDUULHGRXWZLWKVXSSRUWIURP&*,$5 ?
 ?

5HIHUHQFHV ?
$OGHUPDQ 3 ' 	 6WDQILOO %  4XDQWLI\LQJ PRGHOVWUXFWXUHDQG SDUDPHWHUGULYHQ ?
XQFHUWDLQWLHVLQVSULQJZKHDWSKHQRORJ\SUHGLFWLRQZLWK%D\HVLDQDQDO\VLV(XURSHDQ-RXUQDO ?
RI$JURQRP\ ?
$QJXOR&5|WWHU5/RFN5(QGHUV$)URQ]HN6	(ZHUW),PSOLFDWLRQRI ?
FURSPRGHOFDOLEUDWLRQVWUDWHJLHVIRUDVVHVVLQJUHJLRQDOLPSDFWVRIFOLPDWHFKDQJHLQ(XURSH ?
$JULFXOWXUDODQG)RUHVW0HWHRURORJ\ ?
$VVHQJ6HWDO5LVLQJWHPSHUDWXUHVUHGXFHJOREDOZKHDWSURGXFWLRQ1DWXUH&OLPDWH ?
&KDQJH ?
%RJDUG0HWDO3UHGLFWLRQVRIKHDGLQJGDWHLQEUHDGZKHDW7ULWLFXPDHVWLYXP/ ?
XVLQJ47/EDVHGSDUDPHWHUVRIDQHFRSK\VLRORJLFDOPRGHO-RXUQDORIH[SHULPHQWDOERWDQ\ ?
HUX ?
%RRWH.-'DWDUHTXLUHPHQWVIRUPRGHOHYDOXDWLRQDQGWHFKQLTXHVIRUVDPSOLQJFURS ?
JURZWKDQGGHYHORSPHQW,Q*+RRJHQERRP3::LONHQVDQG*<7VXMLHGLWRUV'66$7 ?
9HUVLRQ$GHFLVLRQVXSSRUWV\VWHPIRUDJURWHFKQRORJ\WUDQVIHU9RO8QLYHUVLW\RI+DZDLL ?
+RQROXOXS± ?
%RRWH. - HW DO 6HQWLQHO VLWHGDWD IRU FURSPRGHO LPSURYHPHQW²GHILQLWLRQ DQG ?
FKDUDFWHUL]DWLRQ ,PSURYLQJ 0RGHOLQJ 7RROV WR $VVHVV &OLPDWH &KDQJH (IIHFWV RQ &URS ?
5HVSRQVHDGYDJULFV\VWPRGHO ?
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